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INTRODUCTION
　Somatosensory stimulation can clearly be 
reinforcing (that is, worked for) and produce 
pleasure, and seeking such stimulation could be 
advantageous to animals (including humans) in 
many ways (Rolls, 1999). One relevant series of 
examples concerns the somatosensory stimulation 
produced by social contact and the range of adaptive 
affiliative behaviors that involve somatosensory 
stimulation, including other-infant interactions, 
grooming, playing, and sexual behaviors (Rolls, 
1999). However, very little is known about the 
representation of tactile stimulation in the brains of 
infants.
　Evidence has demonstrated that touch is important 
to survival. During the 1950s, Harlow's famous 
experiments on maternal deprivation in rhesus 
monkeys were landmarks not only in primatology, 
but also in the evolving study of attachment and 
loss. He separated infant monkeys from their 
mothers several hours after birth and then arranged 
for the young animals to be “raised” by two kinds of 
surrogate monkey-mother machines, both equipped 
to dispense milk. One mother was constructed 
of bare wire mesh. The other was constructed of 
wire but covered with soft terrycloth. Harlow's 
first observation was that monkeys given a choice 
between mothers spent far more time clinging to 
the terrycloth surrogates, even when their physical 
nourishment came from bottles mounted on the 
bare-wire mothers. This suggested that infant 
love was no simple response to the satisfaction of 
physiological needs. Attachment was not primarily 
about hunger or thirst. It could not be reduced to 
nursing.
　Pediatrics and Neonatal Intensive Care Units 
(NICU) work to deepen mother-infant bonding 
through skin-to-skin contact (i.e., touch care and 
Kangaroo care). Skin-to-skin contact by the mother, 
referred to as Kangaroo Mother Care (KMC), has 
been shown to be effective in reducing pain, as 
measured by decreases in crying and in heart 
rate acceleration (Gray, Watt, & Blass, 2000) and 
by decreased scores on a multidimensional scale 
that also included behavioral and physiological 
c omponen t s  ( J ohns t on ,  S t evens ,  P i n e l l i ,  
Gibbins, Filion, Jack, Steele, Boyer, ＆ Veilleux， 
2003 ;Ludinqton-Hoe, Hosseini, & Torowicz, 2005). 
Thus, tactile stimulation is important for young 
infants.
　Moreover, infants, including neonates, discriminate 
between external stimulation and self-stimulation 
to one of their cheeks (Rochat & Hespos, 1997). 
More specifically, neonates tended to display 
significantly more rooting responses following 
external stimulation compared to self-stimulation. 
Being touched by others and by oneself is important 
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The present study used near-infrared spectroscopy (NIRS) to examine blood flow to the frontal area 
of the brain in neonates as they were exposed to cotton and plastic textures via touch. We found a 
significant difference in the amount of oxy-Hb present under the cotton and plastic conditions. Neonates’ 
responses to the change from wooden to cotton or plastic tactile stimuli were reflected in the blood flow 
to the frontal area of the brain.
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to infant development. Through touching and being 
touched, infants develop early communication.  
　In humans, a pleasant touch to the hand (produced 
by velvet) produced relatively greater activation 
of the orbitofrontal cortex than did a neutral touch 
(produced by wood) when compared to the relative 
activation of the somatosensory cortex produced 
by these stimuli (Francis, Rolls, Bowtell, McGlone, 
O'Doherty, Browning, Clare, ＆ Smith, 1999). A 
number of positron emission tomography (PET) 
imaging studies have found that the orbitofrontal 
cortex was activated by painful stimuli (Hsieh 
Belfrage, Stone-Elander, Hansson, ＆ Ingvar, 
1995 ;Rainville Hofbauer, Paus, Duncan, Bushnell, 
＆ Price, 1999; Petrovic Petersson, Ghatan, Stone-
Elander, ＆ Ingvar, 2000), and damage to the 
orbitofrontal cortex can result in patient reports of 
knowing that a painful stimulus was being applied 
but its no longer feeling affectively painful (Freeman 
& Watts, 1950). Likewise, it was found that regions 
of the orbitofrontal cortex were activated more 
by pleasant touch and by painful stimuli than 
by neutral touch, and that different areas of the 
orbitofrontal cortex were activated by pleasant than 
by painful touch (Francis et al., 1999).
　We performed the investigation described in 
this article in consideration of the potential clinical 
relevance of and the scientific interest in expanding 
our understanding of which infant brain areas are 
involved in representing optimal as well as pleasant 
aspects of touch and in clarifying the extent to 
which these areas overlap with each other and 
with those representing other, affectively neutral, 
aspects of touch, Casey and de Haan (2002) cleared 
a way for future infant studies by using new 
methods for brain imaging. These techniques are 
expected to enhance our understanding of infant 
perceptual abilities at the level of brain functioning. 
In this study, we used near-infrared spectroscopy 
(NIRS) brain imaging techniques. The use of NIRS 
in infant studies is advantageous because linguistic 
and behavioral skills are not required. Furthermore, 
NIRS techniques are robust and reliable for use with 
human infants (Aslin & Mehler, 2005). Moreover, 
neonatal brain processing of acoustic stimulation 
is measurable using NIRS (Saito, Aoyama, Kondo, 
Fukumoto, Konishi, Nakamura, Kobayashi, ＆ 
Toshima, 2007 ; Saito, Kondo, Aoyama, Fukumato, 
Konishi, Nakamura, Kobayashi， ＆ Toshima, 
2007). Thus, we applied this new and non-invasive 
brain imaging technique to neonates immediately 
following birth to elucidate responses not only to 
tactile stimulation in general but also to optimal 
touch in particular. Although skin-to-skin stimulation 
is clearly crucial to infants, we must also study 
the fundamental mechanisms underlying their 
experiences of touch per se. Therefore, we focused 
on changes in the frontal cerebral blood flow of 
infants to examine how they responded to different 
types of external stimulation.
METHODS
Participants
　Eighteen full-term, healthy, Japanese neonates 
(8 boys and 10 girls) ranging in age from 2 to 11 
days (mean :5.4 days) participated in this study. The 
neonates were born in 2005 and were admitted 
at birth to the Maternal and Perinatal Center at 
the Pediatric Department of Hiroshima University 
Hospital. The mean gestational age was 38 weeks (36 
w, 1 d - 40 w, l d), and the average birth weight was 
2999.9 g (SD = 281.5 g). Each neonate was clinically 
evaluated according to the procedure developed by 
Apgar (1952), and all had Apgar scores of at least 
8 (out of 10) at 1 and 5 minutes after birth. This 
research was approved by the ethics committee of 
the University of Hiroshima Hospital before testing 
began. All parents received and understood the 
relevant research information, and all signed consent 
forms. 
Stimuli and Apparatus
　Each stimulus was presented in the form of a 
strip of fabric that was moved across the skin by a 
wooden toy car with wheels covered in the fabric 
(Figure 1). The material was supported by a pad of 
soft, resilient foam to ensure that about the same 
light pressure would be applied to the skin by 
different fabrics moving at approximately identical 
velocities. The material traversed a chord of skin 
3 cm in length and 1 cm wide. The stimuli were 
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applied to the left ventral forearm or the left mid-
cheek region. Two materials predicted to differ in 
hedonic quality were employed, cotton and plastic. 
These were familiar textures to the infants in that 
they played with a stuffed doll made of cotton and a 
rattle made of plastic.
　Because Rolls, O'Doherty, Kringelbach, Francis, 
Bowtell, ＆ McGlone (2003) used wooden material 
as neutral stimuli, we used a wooden texture for 
the control tactile stimulus, applied while baseline 
oxygenation levels were established prior to 
exposure to the cotton and plastic strips and during 
a relaxation period following exposure. 
　The direction of motion on the arm was either 
proximal to distal or distal to proximal; motion on 
the face was either upward or downward. The 
velocity of the stimulus was 3 cm/s.
NIRS Recording
　Changes in oxygenated hemoglobin (oxy-Hb), 
deoxygenated hemoglobin (deoxy-Hb), and total 
hemoglobin (total-Hb) of the blood in the frontal sites 
of the brain were detected using the double channels 
of a near-infrared oxygenation-monitoring device 
(NIRO-200, Hamamatsu Photonics K.K., Hamamatsu 
City, Japan). Using safe, faint, near-infrared light, we 
measured the tissue oxygenation index (TOI) for the 
oxygen saturation level and the normalized tissue 
hemoglobin index (nTHI) of the blood concentration 
as well as changes in the concentration of oxy-Hb, 
deoxy-Hb, and total-Hb in real time. 
　Near-infrared l ight with a wavelength of 
approximately 700-950 nm can pass through body 
tissue comparatively well. Although absorption 
can vary according to the oxygenation condition 
of the hemoglobin, the main advantage of NIRS 
is that it allows non-invasive measurement of the 
oxygenation levels of deep tissue in the brain as well 
as of the oxygen concentration levels in the blood. 
Changes in the concentrations of oxy-Hb, deoxy-
Hb, and total-Hb were calculated with respect to the 
changes in the light attenuation at the measurement 
location over time. A personal computer converted 
the absorption changes at each wavelength, recorded 
every sixth of a second, into relative concentration 
changes in cerebral chromophores. The changes 
were expressed in micromoles/liter. To detect the 
tissue oxygenation with the NIRO-200, we used 
a probe designed for neonates that consisted of 
emission and detection sites with a 3-cm inter-optode 
distance. van der Zee, Cope, Arridge, Essenpreis, 
Potter, Edwards, Wyatt, McCormick, Roth, Reynolds, 
＆ Delpy (1992) proposed that the optical path length 
of the probe used for neonates could be estimated 
by multiplying the inter-optode distance by a 3.9 
path-length differential factor.
Procedure
　The neonates were tested in their cribs while they 
slept in a silent room. The temperature and light 
intensity of the room were kept constant, and the 
noise level was reduced as much as possible. First, 
two probe holders were placed on the left and right 
sides of the forehead over the eyebrows in locations 
corresponding to Fp1 or Fp2 placement in the 10/20 
EEG system, the area activated by affective touch 
(Francis et al., 1999), using double-sided adhesive 
tape. 
　To prevent ambient light from reaching the 
optode, dark felt was bandaged over the neonate's 
head. After fitting the optode sets on the forehead, a 
few minutes were required to check that the sensors 
were making good contact. The experimenter did 
not touch or talk to the neonates during the test. 
　We used a toy car to expose the neonates to the 
touch stimuli, presented in the form of a cotton strip, 
a plastic strip, or wooden material; contact was made 
with the left ventral forearm or mid-cheek because 
many neonates usually sleep on their right side. 
Experimental Design
　The present experiment consisted of two within-
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Figure1　Toy car stimulus
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participant factors, touch stimuli (cotton and plastic 
tape) and recording site (right frontal area and left 
frontal area), and one between-participants factor, 
applied region (left ventral forearm and left mid-
cheek).
　The test was divided into two blocks and repeated 
4 times. The order of presenting the tactile stimuli 
was counterbalanced between participants. Each 
block consisted of two presentations of texture 
stimulation made repeatedly over 10 s. During the 
intervals between blocks, wooden material was 
presented for 20 s. The NIRO-200 was triggered 
by “on” and “off” signals when the infants were 
exposed to auditory stimuli, and oxygenation levels 
in the blood were scanned during testing. The total 
procedure, including the placement of probes, lasted 
approximately 10 min.
RESULTS
　We focused our analyses on changes in oxy-Hb 
because this is believed to be the most sensitive 
indicator of the changes in cerebral blood flow 
measured by NIRS (Hoshi, Kobayashi, & Tamura, 
2001). We collected 2280 oxy-Hb data points per 
participant. However, because body movements can 
also influence oxy-Hb data, we excluded data that 
were more than 2 standard deviations (SD) from 
the mean for each participant. NIRS studies have 
also revealed slow oscillations of the hemoglobin 
oxygenation states in infants (Urlesberger, Trip, 
Ruchti, Kerbl, Reiterer, ＆ Muller, 1998). Therefore, 
to correct for slow oscillations and instability in 
the baseline values, we fit a linear function to the 
analogue data. The oxy-Hb value measured by NIRS 
represents a value relative to baseline, rather than an 
absolute value. Therefore, we treated the quantity of 
change for each item as a value on an interval scale 
by calculating the difference between oxy-Hb 10 s 
after stimulus presentation and 10 s before stimulus 
onset.
　We conducted a 2 (touch stimuli: cotton and plastic 
tape)×2 (recording site: right frontal area and left 
frontal area)×2 (applied region: left ventral forearm 
and left mid-cheek) analysis of variance (ANOVA) 
for these relative oxy-Hb values. The ANOVA 
showed a tendency toward significant interaction 
(F (1, 16) = 3.09, p < .10) between touch stimulus and 
region of application (Figure 2). Specifically, we 
found effects on activation in the frontal area of 
cotton applied to the left ventral forearm and plastic 
applied to the left mid-cheek. In addition, we recorded 
over two channels in order to examine laterality 
effects and then analyzed the data from the channels 
by creating a laterality index (LI) predefined as (R－
L)/ (R + L). We found no significant laterality effect 
between the cotton and plastic strips (F (1,16) = 0.82, 
n.s.) or the ventral forearm and mid-cheek locations 
(F (1,16)= 0.84, n.s.) .
Figure 2　 Mean relative values of oxy-Hb with cotton 
and plastic stimuli
DISCUSSION
　The present study used NIRS to examine blood 
flow to the frontal area of the brains of neonates as 
they tactilely perceived cotton and plastic textures 
of external origin. Large individual differences in the 
NIRS data were observed; nevertheless, we found 
a tendency toward a significant difference in the 
amount of oxy-Hb present under the cotton and 
plastic conditions. The neonates apparently noticed 
changes from wooden to cotton or plastic stimuli, 
as evidenced by differences in the blood flow to the 
frontal area of the brain. Francis et al. (1999) showed 
that pleasant touch activated the orbitofrontal 
cortex of humans. Thus, cotton and plastic tactile 
sensations were more pleasant than were wooden 
ones.
　Figure 2 suggests that the frontal area was 
activated by both cotton and plastic tactile stimuli. 
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However, the degree of brain activation was 
related to the region of application and the type of 
tactile stimulus. Greater activation was associated 
with cotton touching the left ventral forearm and 
with plastic touching the left mid-cheek.Touch 
exper iences  are  t r iggered  by mechan ica l  
disturbances of the skin produced by physical 
contact with an object. The human skin contains 
mechanoreceptors, receptors sensitive to mechanical 
pressure or deformation of the skin. However, the 
concentration of mechanoreceptors within the skin 
is not uniform. Instead, highly sensitive areas of 
skin such as the lips and fingertips contain densely 
packed mechanoreceptors, whereas insensitive 
areas such as the stomach and back contain lower 
concentrations of mechanoreceptors. Therefore, 
different reactions to tactile stimuli applied to 
different areas do not represent anomalies. Essick, 
James, & McGlone (1999) observed differences for 
two skin sites and in response to different tactile 
stimuli ; specifically, perceptual sensations on the 
face were more pleasant than were those on the 
arm, and velvet and cotton touching the arm were 
more pleasant than was plastic mesh. Longitudinal 
EEG studies of the relationship between frontal 
maturation and the specific affective behavior of 
early infants (Davidson & Fox, 1982 ;  Davidson & 
Fox, 1989 ; Fox & Davidson, 1987 ;  Fox & Davidson, 
1988) have suggested that the frontal region is 
critical for the experience and expression of emotion. 
As Schore (1994) suggested, early stimulation of 
infants can affect the maturation of the frontal 
region. In the present study, this region showed 
greater activation in response to cotton touching 
the ventral forearm and in response to plastic 
touching the mid-cheek. We also hoped to clarify 
the relationship between stimulus and region of 
application. For example, infants might have reacted 
to the sensation of cotton touching their bodies 
(including forearms) and to the sensation of plastic 
touching the area near the mouth (cheeks) in the 
context of wearing cotton clothes and drinking milk 
from a bottle. Wearing clothes and drinking are both 
necessary for infants. Thus, the representation of 
optimal touch that accompanied early experiences 
elicited the brain activation observed in this study.
　We did not observe a close relationship between 
tactile stimulus and hemispheric responses as 
measured by oxy-Hb. However, oxy-Hb levels 
revealed the activation of the frontal area under 
both cotton and plastic conditions, suggesting that 
both hemispheres might respond to pleasant stimuli. 
This finding also might suggest that the hemispheric 
functions of neonates are not yet differentiated (Saito 
et al., 2007a/b). Touch can provide information about 
an object, such as surface texture, that is not easily 
detectable by vision. Therefore, touch is a more 
important source of information for infants than is 
vision in terms of their cognitive exploration of the 
external world. Thus, we hope to further clarify the 
brain mechanisms underlying touch. 
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